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SEMI-ANNUAL REPORT ON NASA RESEARCH GRANT NeG 249-62
I. Work Prograa

NASA Research Grant NsG 249-62 to the University of Califormia
at lLos Angeles provided for the establishment of ® space physics
laboratory within the Institute of Geophysics and Planetary Physics.
The purpose of this laboratory was to conceive and design experiments
for space research, and to develop the instrumentation necessary to
carry them out. These activities were to be carried out with the
participation of graduate students of the University in order that
scientific goals might be combined with the education of young
scientists.

After this grant was received by the University, NASA made
available an opportunity for the investigators under this grant to
participate in a flight experiment on the Ranger 7, 8, and 9 space
vehicles. The experiment consisted of an electron-proton spectro-
meter for charged particle measurements between the earth and the
moon on the three Ranger flights. The development of the sensor
configuration and the electronic circuits for this instrument were
supported with grant funds, and the work was done in the newly
created laboratory. Support for the coastruction of prototype and
flight models was separately provided under a contract from Jet
Propulsion laboratory. The prototype and four flight units were
constructed at Space Technology lLaboratories, Inc. and delivered
to JPL. Because of a decision by NASA to concentrate on the pri-
mary mission objectives, the use of these instruments in the

Ranger program has been indefinitely postponed.



The low-energy proton detector system which wae described in the
original grant request was proposed for the POGO spacecraft. We have
been informed that this experiment cannot be included in the first
POGO spacecraft. Accordingly, we have oriented our subsequent instrusent
development program toward other flight opportunities within the
NASA program. The development work on the Ranger instrumentation
has been extended to produce several other charged-particle instruments
which incorporate many of the basic elements of the Ranger design.

Two of these instruments have been described in proposals recently
submitted to NASA for participation in the Piomeer flight program.

The principal scientific investigator under this grant, Thomas A.
Farley, had previously been designated an experimenter in the Mariner B
progras in a joint particle experiment with Alan Rosen and Nathaniel
Sanders. Because of spacecraft booster limitations, the spacecraft
size and payload capability was sharply reduced. The miasion objective
was changed from Venus to Mars, and the program was redesignated
Mariner C. A revised proposal for the new spacecraft was submitted
by Farley, Rosen, and Sanders. Because of the reduction in payloadv
capability, it appears that this experiment, which is very similar
to the Ranger instrument, cannot be carried on the Mariner C vehicle.

Since the original grant award, Faul Coleman, ome of the Mariner II
magnetometer experimenters, has joined our group. A substantial effort
in the analysis of data from the magnetometer aboard Mariner II has
been undertaken. The earlier portionm of this effort involved the
detection and correction of errors introduced into the data by the data
reduction program br by other steps in the process of identifying,

tabulating, and plotting the telemetered data. More recently, the
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work here has been the determinatiom of corrections for the temperature

* . variations of the magnetometer and of other pertinent subpystems.

: Other required correctioas include, for example, the changes in the
field at the magnetometer due to the variations in the positioa of

the high-gain antenna and due to the changes in the solar pamel curreats.
These corrections are being established from availadle data em the

spacecraft performance and are being prepared so that computer techniques

may be used to apply the corrections to the magnetometer data. This

work is being performed by two graduate studeats and ome undergreduate.
Shortly, computer prograss will be developed to permit correlatioa

studies and spectral analyses. Tests and calibratioms of sagnetemeters

: being developed for the 'Gh Marimer flight should begim ia the mear future.

II. Imnstrumsentatiom
The Ranger instruments, and those iastrumeats which are the
extension of the Ranger development progrem, utilise a scintillatiom
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counter as the detector, with two differeat scimtillators mounted em
it. This combination, kmown as a phoswich, permits separatiea of
electrons and protons within certaia emergy ranges YWy an amalysis
of the pulse shapes at the cutput of the photommltiplier tude. The
following electromic circuits have been devised for tse with these
seasors.
A. Slow (Csl scintillator) pulse detector.

The flourescence decay time of a Csl sciatillator is adbout
1.1 microsec. The flouresceamce decay time of a plastic sciatillater
is short compared with 6 namosec, shich is the charecteristic rise-
time of. the photomultiplier tube being used.




A slow pulse detector cirsuit is one which has an output if
and only if a slow pulse is present (some energy loss in the Csl crystal).
The circuit consists of e delay line and coincidence circuit. The
block diagras and a typical perforsance curve are shown im Fig. 1.
The circuit used in these measurements had a delay time (L) of % microsec,
and the threshold for a % microsec pulse (T) was 60 av. If the
photomultiplier tube output is differemtiated so that a plastic
ccintillator pulse is 100 nanosec or less in leagth, a Csl pulse will
still be of the order of 1 microsec ia leagth, because of the long
flourescence decay. This circuit will obviocusly discriminate very

sharply against the plastic scintillateor pulse.

B. PFast (plastic scintillator) pulse detector

The fast pulse detector is basically a double differentiating
circuit followed by a high pass asplifier (see Fig. 2). Each section
of the differentiater has a time constant of approximsetely 20 namosecs.
If the flourescence decay were a pure expomential, the discriminatioa
against CsI pulses would be approximately 300 to 1, as verified with
a pulse generator. In actual use, however, high frequency components
in the Csl pulse cause the discriminatiom ratio to be reduced to about
12 or 15 to 1. Experiments with color filters between the Csl crystal
and photomultiplier cathode are being perforwmed with the hope of

improving this result.

C. Differential pulse height analyser
The eight channel differential pulse height amdlyser was a

completed design at the time of our original proposal, aad it has

proved quite satisfactory as incorporated into the Ranger instruments.



D. Analog storage and readout systems
The analog storage system is also the same as that described

in the original proposal. The readout method for the analog storage
system has been changed to provide a lomger storage time and to operate
at the higher temperature specification of the Ranger vehicle. As
originally proposed, the system was designed for mot more tham 10 mec
storage at 120°F. The Ranger instrument required 40 sec storage at
130°F. 1In order to meet this specification, the diode reedout gating
and transistor output amplifier were replaced by a magnetic reed
commutator and an elecgrometer tudbe cutput amplifier. These changes
resulted in a leallhge resistance of approximately 5 x 1022 obms across
the storage capacitor, which is adequately high to assure atorege for
several minutes over the required temperature ramge. The perforsamce
of the storage aystem, measured on a Banger flight imstrwment, is
shown in Fig. 3. A block disgres of the readout system is showm
in Mg. &,

The remaining circuits developed ea this grant were coaventiocaal
in design and implementation.

III. Educatiomal Progrem

The participation of studeats ia this experimental progrem is
considered to be an esseatial part of our activities. Graat fumds are
presently being used to support two greduate studeamts. Two other
graduate studeats and one undergreduate are workiang with the data
reduction and experimental progresss, although they are mot supported
by grant funds. Three of these five studeats are lockimg foreard to®
theses within the framework of our ressarch program. Ue expect that



opﬁrtMties for thesis ;-oac-rch will dmlop”u we take a more
active part in flight programs and the amalysis of resulting data.
The investigators under this grant have taken an active part in
University seminmar and stntb groups, and have presented papers before
scientific groups. Published scientific papers whose preparation was

supported by this grant include:

Coleman, P.J.,Jr., L. Davis, Jr., E.J. Smith, and C.P. Somett,
Interplanetary Magnetic Fields, Science, Ig, p. 1099-1100, 1962.

Farley, T.A., The Growth of our Knowledge of the Earth's Outer
Radiation Belt, Rev. of Seophysice, in press.

IV. Directions of Puture Research

The investigators under this grant intend to pursue further the
development of instrumentatiom for space flight, direct participation
in NASA flight programs, and the reduction and analysis of data. A
proposal for continued smupport of these activities has already been
submitted to NASA. Detajiled descriptions of future activities were

included in that proposal.
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